Abstract
Background-It is well established that patients with longstanding weakness of the respiratory muscles have a reduction in lung distensibility. Although this occurs in most patients without any radiographic changes suggesting parenchymal lung disease, it has been attributed to the development of microatelectasis. Methods-A high resolution computed tomographic (CT) scanner was used in eight patients with traumatic tetraplegia and six patients with generalised neuromuscular disorders to look for areas of atelectasis. With the patient in the supine posture scans of 1 mm thickness were obtained at total lung capacity at intervals of 1 cm from the apex to the base of the lung. Results-Vital capacity, total lung capacity, and inspiratory muscle strength were reduced to a mean of 59'5%, 7390 to ensure a constant volume history. Several Arterial blood was sampled from the radial inspiratory and expiratory curves were per-artery while the patient was breathing room formed in each patient and a line of best fit air in the seated position, and blood gas tenwas drawn by eye through at least three sets sions were measured with an ABL 500 blood of PV data that agreed to ± 1 cm H,O. The gas analyser (Radiometer; Copenhagen). The static recoil pressure of the lung (Pst(L)) was alveolar-arterial oxygen tension difference measured at fixed percentages of TLC. Static (A-aDo2) was estimated using the alveolar air expiratory lung elastance was calculated equation assuming a respiratory exchange above FRC from the linear portion of the PV ratio of 0-8. Predicted values for Pao, and curve by measuring the change in volume A-aDo are those calculated by Mellemgaard."4 produced by a 5 cm H2O change in Pst(L).
CT scans of the lungs were then obtained The mean value for lung elastance obtained with a high resolution scanner (Somaton from at least three PV curves was subse-Plus, Siemens AG, Erlangen, Germany). quently converted to its reciprocal to give sta-With the patient supine scans of 1 mm thicktic lung compliance. '2 ness were obtained at TLC at intervals of Minimal (inspiratory) pleural pressures 1 cm from the apex to the base of the lungs; (PpiLmin) were obtained during maximal sta-scan time was two seconds, tube current 220 tic inspiratory efforts at FRC. Pressures sus-mA, and voltage 137 kV. The images were tained for one second were recorded. At least reconstructed using an ultra high resolution The mean expiratory PV curve of the lung obtained in the 14 patients is compared with the predicted curve in fig 1 which clearly shows that the PV curve of the patients was reduced on its volume axis and that Pst(L) was decreased both at full inflation and at FRC. The slope of the PV curve was also reduced. The results in table 2 show that 12 of the 14 patients had a reduced pulmonary compliance giving a mean (SE) value for the group as a whole of 69-1 (5-7)% of the predicted value (p < 0O001). Their degree of inspiratory muscle weakness and lung volume restriction was also no greater than in the other patients. Although case 2 had a low Pao2 and an increased A-aDo2, these variables were within normal limits in case 13.
Discussion
The alterations in respiratory mechanics found in the patients studied are comparable in all respects to those previously reported in patients with traumatic tetraplegia-6 or generalised neuromuscular disorders.'278 All patients had a clear restrictive ventilatory impairment and most had a reduced FRC and a decreased static pulmonary compliance, confirming that the distensibility of the lungs themselves is reduced in such patients.
The reduction in static pulmonary compliance in the patients in this study amounted to a mean of 30%. If this reduction was primarily related to atelectasis about one third of all terminal lung units should be collapsed. Since our patients had no evidence of pulmonary alterations on standard chest radiographs we suspected that this lung collapse was patchy. We therefore used a CT scanner with a particularly high resolution which allows solid structures of 1 mm in diameter to be visualised. ' Mead and Collier, '7 that breathing at a small, constant tidal volume is associated with a decrease in the compliance of the lungs. This disturbance has been well documented both in laboratory animals and in human subjects.'820 However, while this alteration is rapidly corrected by a few deep breaths when produced experimentally, it has been shown that the decreased pulmonary compliance of patients with chronic respiratory muscle weakness is not reversed by short periods of positive pressure mechanical hyperinflation of the lungs.2' 22 It is unlikely, therefore, that the reduced lung distensibility in these patients is caused by alterations in surface forces.
The second possible mechanism is an alteration in lung tissue elasticity. Since the elastic properties of a system are partly determined by the stresses to which the system is subjected, the elastic properties of lung tissue might change in patients with respiratory muscle weakness because of their chronically limited range of activity. We are aware of no data which show directly that such patients have abnormal shortening and stiffening of the elastic fibres within their lungs. The lack of improvement after mechanical hyperinflation of the lungs,2'22 the normal appearance of the lung parenchyma on the CT scanner, and the preservation of normal gas exchange in most subjects (table 3) , however, are all consistent with this explanation. The chronically limited range of activity of these patients has also been suggested to explain their reduced rib cage compliance.
